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SUMMAR Y

Tests have been made to <determine certain zechanic-_.l

stl-ength properties of 25S-T aluminum .alloy.. _qeSult-s _.i-e

presentegL fror_i static tests in ten.si.on _.nd torsion, bend-

ing fatigue tests employing three different types of

testing machines.,, and-from impact tests, of notche_l and

unnotched si_ecimens in tension as well as from Charpy im-

p_.ct tests made at several low temperatur.es, Information

is .incluS.ed on the effects produced bs, repeated under - •

stressing anS.-by, anodizing, and a comps.risen .is made of

the..stzen.gth [groperties of 25S-T alloy with CL_ta previous--

ly reported for the .XV6S-T alloy.. " (See reference 1.)

The results indicate that

(a) The fatigue strength

stress that could be endured f

by not.c],ed s[pecimens of .these

_s the mean stress in the c_cl

or maximum alternating

or _a given-number of cycles

alloys, _.ecre.zsed markedly _

e.. was-increased in _ension _.

(b) _hc.fati£_ue strength of n.otcheCi _--_-_'q_' ._pec!zens

was gre:?.ter thau that of the XV6S-T specimens Wh'en the

me_n s.tres_s _:_.sa tensile stress. • ,

(c) The fatigue strength of both :.,.!!oys ,:_s.sgreat!_,-

([ecrease_. ]_,__he i_resence of a notch in $he sioecimens.

(_) A lai'ge number of cycles Of underst_"ess produced

no great or consistent change in -the fin._l fatigue strength

of these two iiio_zs,.

(e) Anodizing produced a slight increase in fatigue

strength of XV6S-T alloy, but did not _ffect the endurance

limit of tD.e. 95S--T alloy.

i
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•The -principal stresses developed in an airplane pro--

poller bl:_do in service arise from two causes, namely:

(a) A steady stress due to the centrifugal loading

deve!o]_ed _zhen rotating

(b) Alternating stresses produced by f!exural vibra-

tions of the blade

For a tyi_ical aluminum blade these steady stresses may be

as much as I_,000 pounds per square inch and superimposed

alternating stresses have been found as high as 20,000

poundsper square inch.

The face side of the blade is frequently scratched

or nicked in service, producing notches that act as

"stress raisers. "_ Those notches in the polished surface

are the points from which fatigue f_tilures of the blade

may develop. Hence for desi¢_n purposes it is necessary

to know what maximum alternating stresses may be super--

imposed o.t either tensile or compressive mean stresses

of various magnitudes without causing failure of the

notched member. It is also very desirable to know what

influence the repetition of a large number of cycles of

understress (stress below the endurance limit) will have

in raising or lowering the endurance limit of the metal

in a propeller blade. This information is of importance

in determining whether the service stresses normally en-

countered in flight would eventually damage the material,

and in interpreting the results of laboratory tests of

full size blades in which the vibratory stressses are in--

creased by small increments after definite time intervals

until failure occurs.

The main purpose of the investigation herein reported

wL_s to determine the fle___ural fatigue strengths of notched

specimens of an aluminum alloy, designated as 25S--T, when

subjected to six different "-anges of stress, and to com--

p_re these values _,ith the fatigue strengths of _oolished

(unnotchec!) specimens without abrupt Change in section.

To give rather complete information on the mechanical

properties of this metal which is commonly used for pro-

peller blades, tests _,_ere also made to obtain values of

the static and impact _roperties.
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A second purpose of the investigation was te de-

termine _hether the endurance limit of the metal _ras

appreciably affected by a large number of cycles of under--

stressing or by anodizing the surface. The data contained

in this report are the results of a continuation of the

series of tests reported in reference i on XV6S--T alloy.

The results of further tests of the x76S--T alloy are also

Ejiven in this report.

The tests reported herein were conducted at the

Engineering Experiment Station, University of Illinois,

undcr tile sponsorship of the l_ational Advisory Committee

for Aeron_utics. The Ha]_ilton Standard Propellers

Division of the United Aircr_ft Corporation cooperated

in the investigation and provided machined specimens for
a n_mber of these tests.

Xchnowlcdgment is made to I01r. O. C. _Ior!ey, Mr. G.

D. Chamb!iss, and fir. R, L. Brown, Jr. for their assist-

ance in conducting the research.

_{ATERIAL A_TD METHODS OF TESTING

_L&#__&f___t_est.- Three types of test were made on

25S--T aluminum alloy to determine the ordinary mechanical

properties of the material as well as the fatigue of

strengths. These tests may be outlined as follows:

(i) Static tests were made of notched and unnotched

tensile specimens and of unnotched torsion specimens to

determine the strength, stiffness and ductility of the

metal. The term Trunnotched" will be used throughout this

report to designate specimens without an abrupt change of

section in.the portion under test.

(2) Impact tests were made of notched and unnotched

tensile specimens, and of standard notched Charpy bending

impact specimens, at ordinary room temperatures and at low

temperatures, to give some indication of the energy ab--

sorbin_ capacity and of the relative notch sensitivity of

the material under suddenly applied loads.
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(S) Repeated load (fatigue) tests were made in
three types of testing machine, namcly:

(a) High--speed rotating cantilever bean fatigue
machines using (small) 0.40-inch diameter round specimens

(b) i{rouse rotating cantilever beam fatigue machines
using specimens 0._6-inch in diamet'er

(c) Zrouse flsot plate fatigue machines _,!hich sub-
jected rectangular specimens to a vibratory bending ac-
tion without rotating the test piece.

Both notched and unnotched specimens were tested in the
vibrc_tory bending an_ the Y_rouse cantilever--bean fatigue

machines; _;hereas the high--speed rotating beam machines

h_ve been used only to determine the endurance limits

of polished unnotchcd specimens.

ilaterial and test __pocimehs.--l[ost of the tests heroin

re_orte& were made on the aluminum allo:/ that is desig-

nated and sold under the commercial code number 25S--T.

The chemical composition of this allox _ras as follows:

0op_er

Iron

Per cent

4.2s

.36

IIanganese .77

Silicon ._76 _

Aluminum Balance

All specimens tested _,_ere from the sane heat of

net_l that _las hot rolled from a 12-- by 12--inch ingot,
to round bays 1 inch in diameter. The bars _,lere then

given a solution and precipitation hardening heat treat--

nent by holding for l0 hours at 960° P quenching in cold

_later, and aging for l0 hours at 340 ° F.

Several additional tests on XVGS--T alloy were also

made to study the effects of anodizing and of repeated

understressing. The detailed chemical comi>osition and

heat treatment of the XV6S--T _lloy were as follows:
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Per cent

Col?I?er O. 6

Zinc 7.6

}[agnes ium I. 8

iianganese .5

T it an ium

11"on

Silicon

.I

.5

.25

Aluminum _alance

All specimens tested were from the same heat of

metal thh, t was reduced, by the latest methods of process-

ing, to bars I inch square which .were subsequently swaged

in a pair of swaging dies to i inch diameter round. The

bars were then given a ,solution and preci[oitation harden--

in_ heat treatment :by holding for i0 ho_rs at 860 o F,

quenching in water, and aging for 12 hours at 275 ° F.

The .details of the specimens used for the ordinary

static tensile tests to determine the physical properties

of the-c_nnotched specimens are shown iu figure la, and

the type of notched specimen used in the st ati.c tensile

test is shown in figure lb. Three specimens of each of

these two types were tested in an Amsler Hydraulic

Universal Testing i_achine having a capacity of 50,000

pom_ds. Additional tests were also made on tensile speci-

mens having the.same nominal diameter as that in figure

la, but having an over--all length of abot,_t !1½ inches so

that an 8--inch @age length could be emn].oyed.

In figure ic is shown the type of specimen used to

determine the static torsional properties of the material.

The tensile impact specimen shown in figure 2a was polished

with l_o. O0 energy paper and the diameter of the specimen

near the center _r_s reduced about 0.003 inch less than at

the ends of the 2--inch gage length_.

The notched tensile impact specimen shown in figure

2b contained a notch machined with a carefully ground tool
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that was checked for accuracy of shape by examining in a
metallurgical microscope at 100X. This notched impact
specimen was geometrically similar to that of the notched
static tensile specimen in figure lb. The notched bending
specimen used was the Standard Charpy impact specimen of
the dimensions shown in figure 2c.

The typos of specimen used in the rotating-beam fa-
tigue machines are shown in figure 3 and those tested in
the vibratory bending fatigue machines are shown in fig--
urc 4. Those specimens without abrupt change of section
(3a, 3b, and 4a) were all polished longitudinally with No.
00 emery paper and oil to remove tool marks and circum-
ferential scratches before testing. All of these speci-
mens were polished by one man to assure uniformity in the
polishi_g operations. The notched specimens (3c and 4b)
were cut with carefully ground tools to assure uniformity
in de_?th, angle of the V-notch, and radius at the root of
the notch, on all specimens tested. Three faces of the
notched specimen in figure 4b were polished longitudinally;
the root of the notch, and the face containing the notch
were left in the original machined condition.

The nominal stress in all fatigue specimens was cal-
culated by using the ordinary flexure formula, s = Mc/I,
in which s is the flexural unit stress (lb/sq in.) M
is the bending moment at the critical test section
(in.--lb), c is half the depth of the specimen (in.),
and I is the moment of inertia of the net cross--sectional
area (in.4). For those specimens containing notches the
values of stress given in this report are those at the
root of the notch computed by the above formula using the
values of c and I for the minimum cross--sectional area,

The tests of rotating--beam fatigue specimens were
made in two Z{rouse, 120 inch--pound capacity, cantilever
machines of the type shown in figure 5, which were operated
at 600C rpm. Also employed were four small high-speed
cantilewer beam machines of the type shown in figure 6
that were run at 10,000 rpm. The vibratory bending fatigue
tests were made in six Xrouse Flat Plate Fatigue machines
of the type shown in figure 7, which were run at 1750 rpm.

RESULTS OF TESTS

Static tests.-Lower portions of the tensile stress--
strain curves for three unnotched specimens of 25S--T alloy
are shown in figure 8 and a typical complete stress-strain
diagram for one of these is shown in figure 9. The results
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of these three static tensile tests on a 2-inch gage
length and of three additional tests on a 8--inch gage
length are tabulated in table I. The tensile tests were
carried out in accordance with A.S.T.}i. Standard Methods
for Testing Metallic Haterials, designation E8--36.

For purposes of comparison with the 25S-T alloy the
average properties of XV6S-T alloy as obtained in the
previously reported series of tests have been added to
each of the tables giving the results of static or impact
tests. It will be noted in table I that the 25S-T alloy
had lower static tensile strengths, but slightly hic_her
ductility and modulus of elasticity than the X76_--T alloy.

The Brinell hardness, using 500--kilogram a:_i 10-
millimeter ball of the 25S--T alloy ranged from ],J2 to ll8
in the various specimens tested and average3 s_bcat lll.
The X76S-T alloy had a higher average hardness. _4_£3rinell,
than the other precipitation hardening aluminum alloys.

The greater portions of the tensile stress strain
curves on n_otc_h_he_dspecimens are shown in figure 10, and
the results of these three individual tests are summarized
in table !I alon_7 with the corresponding values for XV6S-T
alloy. The relative ratios of s_rengtns shown in this
table for each metal are of approximately the same magni-
tudes o_<cept for the very high ratio of yield strength to
ultimate strength exhibited by the XV6S--T alloy. The in-
troduction of a notch in the static tensile specimens of
XV6S-T alloy also caused a much greater proportionate loss
in percent elongation than did the same notch in specimens
of 25S--T.

Static torsion tests were made of three solid speci-
mens of the type shown in figure Ic. The lower portions
of the torque-t_,rist curves for these tests are shown in
figure ii. A summary of the data obtained from these
three tests along with similar data for XV6S--T alloy is
sho_r, in table Iii. Here again the yield strength for
XTGS-T alloy was a much higher proportion of tb,,_ ,_i_imate
strength, as represented by menu!us of rupt_:re th_ for

the 25S--T alloy. However, by comparing tables I :_rd iII

it will be noted that the modulus of rupture of 25S-T in

torsion was a greater proportion of its static tensile

stre_gth than _as the case for the X?6S-T.

l_pact tests.-- The tensile impact tests were made

in a standard Charpy machine having a capacity of 223

foot-Dounds equipped with special auxiliary specimen

grids containing spherical semts that were designed to

minimize bending or eccentric loading on the specimen
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during test. _ Tensile impact tests were made both at
room temperature (+80 ° F)and at a low temperature
(--40° F) since it was felt %hat any change in proper"
t.ies of the metal that. WoUld be' indflced by low tempera-
tures,i_rould be of importance.

Cooling of the specimen to the low temperature was
accomplished by immersing the pendulum, t'est specimen;
and attached holders in a bath of acetone contained in a
special insulatSd box. The entir,e bath was coole_ by
addin_ dry ice until the des_red temperature _,,_,cc]:mtained
and the bath was _hen maintained at this te:_)_e: a i--.Ize for
at least :five minutes befor_ testing the s-_c.._i.,_e%o Previ-
ous ce.!ibration tests in which reading_ _.rero t_[_:_:, on
several thermocouples attache& to a specimen inilcated
-that this was a sufficient interval of time for these
small sl_eciuens to reich a uniform temperature eq,Aal to
that of the bath. In performing the actual test of the
specimen only about @ seconds elapsed between the re-
moval of the box containing the coolant and the actual
fracturing of the specimen; hence it was felt that the
temperature of the specimen did not change appreci_,bly
previous t.o testing since it was Surrounded by relatively
heavy masses of metal cooled to the same temperature as
the bath.

The test •data showing the energy required to rupture
each specimen _ested/ and the average values obtained for
each grouse of specimens are shown in table IV for the
tests at ÷80° F, and in table V for the tests at -40 ° F.
For purposes of comparison one.may regard the energy re--
quire@L to rupture the unnotched specimens (colu_,n f5) as
indicative of the impact strength, and the perct_ _I'-= f
elongation an6[ reduction of:area (columns 6 and. _)

measures of the ductility of the: material under _hese

conditions of testing. A ratio of the values obta:_ned.

for.notche(l specimens to those:for unnotched specimens

given in columns 5 and 8 gives a rough measure of the

notch sensitivity of the metal u_der rapid loading. .

For a rough comparinon with the values of 25S--T

alloy listed in tables IV and V there is-included a new

set of d _--e,_a for X765 T alloy tested under the same con-

ditions, (The previouslz reported tensile impact tests

of unnotched sRecime'_s of X76S--T alloy Were made on

specimens 0.25 inch dlameter instead of 0.20 inch diame-

ter, as in the _nresent test_J.) (See reference 1.) It

may be seen that the 25S-T alloy specimens required more
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energy to rupture than those of the X76S-T alloy. The
ratio of energy absorbed by the notched specimens to
that for the unnotched specimens was also greater for the
25S--T alloy indicating that this metal t,ras somet-_hat less
sensitive to the damaging effects of a notch than was the
XV6S--T alloy.

The average energy absorbed by all specimens of
25S-T tested at +80 ° F (see columns 3 and 4 of table IV)
was below that for the specimens tested a_-40 ° F; how-
ever, the X76S--T alloy showed no appreciable change in
energy absorbing properties over this range of tempera-
tures. A comparison of the average values listed in
tables iV and V therefore les, ds to the conclusion that
the 25S-T exhibited practically the same ductility and
notch sensitivity and slightly greater energy absorbing
capacity in the tensile impact tests at--40 ° F as it did
at room temperature.

The results of a series of notched bar Charpy ben d--

ir_ tests at temperatures ranging from +70 ° F to -70 ° F

are shown in table Vi, The Charpy specimens of 25S-T

alloy exhibited practically the same energy absorbing

capacity at -40 ° F as at room temperature. However.

there _as a pronounced drop in energy absorption by the

25S--T specimens when the temperature was dropped to
--70 ° F.

X comparative picture of the results of some of the

above impact tests is shown in figure 12. Perhaps the

most interesting feature shown in table VI and figure lg

is the fact that the 25S--T specimens absorbed from three

to four times as much energy as the XV6S-T alloy in the

Charpy bending impact tests. Even though the XV6$-T had

a much greater tensile strength than 25S--T it therefore

exhibited a much lower strength for a service condition

in _,rhich a notched member would be required to withstand

a relatively rapid or impact lo,'_ding. Figure 12 also in-

dicates that all of the _,verage tensile impact properties

of 25S-T were slightly superior to t_ose of XV6S-T.

Rel_e_t_ed lo_d tests for completel_ reversed bending,-

The results _ of the rotating-beam f'atigue tests of unnotched

specimens of 25S--T al'_oy are shown in the 'S--!_curves of

figures l_ and 14. These figures "include data from two

different types of testing machine operated at different

speeds, Figure 15 shows the results of tests off rectangular
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specimcns of S5S-T in the vibro.tory bendin<_ Y'atiguc m_--
chine, _h_ch tests wore .<_c_eat the rat0 of IVSC cycles •
per.minute. The endurance limits of these _rdul_s of un-
notched ._olished specimens h<_ve been scaled as_ the ordi-
nates to the S--}_ ourves :_t i0 million, !00 million, _,_nd

500 million completely reversed cycles of s.trcss and ::_.r-e

listed in table VII. The endur::_ncc limits far thc vi--

br_tory bending tests h_'=vc not been carrieS: o-_t to 500

million cyc!cs of stress because of the e_,:ccssivc-tiu'c

required to run these machines to such_,..l_r?;c number of

cycles; :_.bout seven months time would bc required to run

one sl)cci:__.cn to 500 million cyclcs.

A co_parison of the endurance limits listed in tab!c

VII for !00 million cycles of stress indicates th<_.t the

differences-in values obto. ined from the three types of

tcstinj mo, C.hine-were not gr.e_t and th:_,t these d.iffercnces

_.re consistent with the w_ris.tions c.ommonly obtained from

f__ticue test results. Test res_.!ts of scver:__.! investi:<rl.-

tots h'<ve ;ndicated t......t small s]oecimens of _ i1_etml often

exhibit ,u i-$gher endure.nee li-mit than that obt.,_.ined froh

tests of i:'_rcer specimens. Alsb s.everal d_roups of tests

of rect_,n£v.l:_r vibrr_tory bending .specimens of steels,

ex.:_m?].es of which are presented in reference D, results

in sli_Thtly lower, enduro.nce limits as comT_,'.tred _,.rith.thoSe

obtained for round.specimens tested _._srotz_.tin:g bel,_.ms.

It _,:ill be observed theft the endur_._nce limit of 18,000

pounds per square inch for the rect:_ngu!ar specimen,

based u_on_• IO0 million cvcles,_ of _tress, _:._,;sonly lOOO to

2500 pounds per squ:_re inch below the values obt?oined from

the rotatinf_ beam tests. _

in the previous re_?ort on X76S--T alloy it w:._s found

that the _ctangul<<r _,"....... _.e s_?ecimen of this metal had an

endur_nce limit o_ n±5, 16,[)00 i_ _- ..o" _ * o_nds per sqi_:-._re inch;

wharf, s the endurance limit of three ty_Fei of round Speci-

men v_ried from 22,000 to 24 000 _ounds -,_er sou.4re inch'

I,?o _Lefinite e,xplan._tion for this Gre._.t dec_'e'_.se in st_-ength

of the rect:_ngu_:_r specimens of XF6S-T al!oy has behn-

found. Three subsequent tests of XV6S_ alloy were-made

with specimens th_._t had the shmrI_ _rojectin_ corners

rounded <_.nd polished to 1/16-inch radius. One of those

specimens tested at-22_000 pounds per squ_re inch ran e'_cr

i00 r.illion cycles without fracture; wherec_s, the other two

specimens tested at 25,000 and o_6,000 pounds ]per s<_u_zre

inch f:_,i!ed at only about 300,000 cycles which was slight-

iv_ short of thc _ormal o--_"_ curve for t _e rest_ of t}_e._

rect:_ngular s2ccimen_. This sc:_ttcr of d'_t.o., together with
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with that obtained in the original tests of the rectangu-
lar specimens of X76S-T, tends to indicate that there may
have been mechanical defects such as inclusions or high
residual stress present near the surface of the original
bar stock. If such defects were present t_ ey would have
a ten<enc_ to decrease the fatigue strength of the (larger)
rectangular specimens more than they ,_;ould in the case of
the s;uall round specimens.

!__ t-_e lower portion of figure 13 is plotted the S--}T
curve for the rotating beam sioecimens of 25S-T with a V--
notch. By scaling the ordinates at i00 million cycles of
stress the values of the endurance limits were obtained
as 19,000 !Oounds per squ_re inch for the un'._otched speci-
mens, and about IO,O00 pounds per square incl_ for the
notched sy,ecimens. By using the ratio of these two en-
durance limits as a measure of the factor of stress con--
centration k caused by the notch, a value of k : 1.9
is foLd.no\. Ho_,ever, if this calculation is based on the
enc[urance limit at 500 million cycles of stress a value

1 _ 500
of k - - ' = 1.65 is found. Those values indicate

i0,000

th::_t the "notch sensitivity" of the 25S-T alloy was small--

er than that of X76S-T for which alloy a value of

k = 22,0C0. = 2.44 was obtained at I00 million cycles of

" 9 ,OOO

stress under the same conditions.

!n figure 15 is shown the S-I,T curve for the rectangu-

lar vibratory bending specimens of 25S-T with a V--notch

tested under completely reverscd cycles of stress. Here

again the apparent stress concentration factor at I00

million cycles of stress was k - 18,000 2.4. This

7.,5o0

value is slightly:higher than the value of k = 2.2 ob-

tained undo'," the same conditions for the X76S-T alloy.

However, in this latter case it is felt that the reason

for the lower value o_ k for the XTSS-T alloy was due

primarily to the abnorm.%!ly low value of endurs.nce limit

that was obtained for tho unnotched rectangular specimens.

the notched rectangular specimens of 25S--T andIn fact , .....

of X76S--_ had exactly the same endurance limit at I00

million cycles of stress even though the static tensile
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strength and rotating beam e-:durance limits of .polished
specimens of X76S--T Were greater than those of the 25S--T

alloy, i:oreover, the _q_tc_ed rotating bea;._ specimens of

25S'T i_ad a slightly _ ' _ _. , __.igLer endurance limit (]0 0O0 !b/s0 in.)

than _iid those of the X76S--T alloy (9,000 !b/sq.in.).

Further fatigue tests wore n,?_de of r.otating beam

specimens treated by Hamilton Standard Propellers Com]pany

to study the effects of anodizing the s_'_rface of these

two alloys. The l-esu!ts of these tests are shown in the

S_-'_ curves of figures 14 and 16. It ,,.:illbe observed that

the S--i.:cuvve for the 25S-T alloy w,.%s practic,_lly unaf-

fected by anodizing; whereas the data for the anodizing

X76S-T in figure 16 showed considerable scatter but indi-

cated a str "_ _e..ot.lenin_T cffect that raised the endurance

limit about 3000 pounds per square inch to a value of

25,000 )?ounds per square inch st 500 million cycles of

stress. Hence, it may be concluded that the surface ef-

fects pro_uced by anodizing did not lower the fatigue

stre._.c_ below that of ioolishod sr_ecimens,

ally prove beneficial for sons types of alloys.

n-mects of r_e of stress on endurance limits of

notched r__qc__t:_ular s__ecimens.-- To s_adythe effect of range of

stress on the endurance limit of specime_"s with a V--notch

tests wcre made in the vibratory bonding machines with

spcci_u.e;ts sub.jected to a mean or steady stress on which

was sulgerimposed a completely reversed alternating strcss.

Six different endurance limits were determined correspond-

ing to three different r_;nges in which the mean __e_s___G_t

][hhc root of the notch was a tensile stress, two ranges, in

which t!_e mcau stress w_.s compressive stress, and one range

in ,.,hic'.,_.t}:e mean stress _..,'aszero (completely reversed

stress cycle).

The S--_T curves for stress cycles in _Thich the mean

stress at t!_e ' was tensi].e stress are ....o_. in

S--:_ e _' the completely reversedfigure 17, aud the "_ curv _or

stress .cvcle is show:_ in the lower portion of figure 15.

T..e. endurance_ limits for these four stress cycles have

been Qbtai-_.ed by scaling the ordinates to ti_e S-I_ curves

at lO0 million cycles of stress and these values are

sb]own _n table VIII for _S-_.

_or the two ranges in w..'_ich the mean or stead_, streos-

at ti_e notch _,;_asa compressive stress the specimens de--

relived cracks at the root of the notch but did not com-

pletely frscture.... even +._-o___.___ subjected to a large number
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of cycles of superimposed alternating stress. Photo--
graphs of some of these cracks showing views looking down
into the notch are presented in figure 18. The small
clark areas in these figures are regions where small pieces
of metal have cracked out and spalled off, but this spall--
in{% occurred only for specimens tested at relatively high
stresses.

For specimens tested at lower stresses the cracks
formed _,ere very small and could not be seen without the
aid of a low power microscope. Hence the fatigue test
data could not be interpreted in the usual manner by
plotting S--!_ diagrams based on fracture of the specimen
and no definite indications of failure of a specimen were
evident except for the microscopic cracking at the notch.
Co_isequently it was decided to assume arbitrarily that
cracl-s that could be seen with a 40X microscope consti-
tuted failure of a specimen. The endurance limits were
thus obtained by plotting in figure 19 the approximate
number of cycles at which the first cracks were visible
with the low power microscope. The values of endurance
limit for 25S-T determined in this manner for the two
compressive stress cycles are listed in table VIII.

The effect of the range of Stress on the endurance
limits of the V-notch specimens of 25S-T alloy is illus--
treated in the modified Goodman diagram of figure 20 on
WhicI_. _.re plotted the _[ata of table VIII. On this dia-
gram the ordinates represent the minimum stress (Smi n)
ancl the maximum stress (Smax) of the stress cycle and the
abscissas represent the corresponding mean stress (alge-
braic average of Smin and Smax). For any given mean
str[ess the algebraic difference between Smax and Smin
represents the total range or double amplitude of the
stiperimposed alternating stress that will cause failure
after approximately lO0 million cycles of stress.

it Wii! be observed that a.s' the algebraic value of

the mean stress in the cycle _,_Jasdecreased from a large

tensile (+) _tress t0 zero and thence to a compressive

(--) stress, _n ap:oreciable incres, se occurred in the total

altern,_ting range of stress required to cause failure.

This is shown more definitely by the curve in figure _ 21

in which the ordin'ates indicate the total alternating

_tress range (Smax--Smin), and the absciSsa_ represent the
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_ecorresl_ond__g mean stress in each cycle. _ data previ-
ously obtc, ine_ in tests of .[--68 ,:zre_aiso p.!otted in figure
21 i'or 6.irect c.omp:<rison with the 25S-T o.lloy.

Considering these data and the fact that no frc_c"

tures occurred in the specimens tested with compressive

men.n stresses at the notch, it is evident theft both a!!oyr_

c:_n wi_stand considerably greater magnitudes of superim-

posed aite;_nating stresses when the mean stress is de-

creased from a tensile to a compressive stress.

___'-'ect of repeated undcrstress!_ on thq___at___ue

strezzi_th.- Two types of test were made in the rotating

beau :.::_chines to .determine the effect produce& on the fr,-

_igue stren{;th of these two aluminum alloys by re-oeated

cycles of un&erstressing or stresses below the endurance

limit. These tests may be briefly.outlined as follows.

e,,_s in which a grQuTJ of sr,ecimcns were sub-

jected t6 lO0 million complc.tely reverse& cycles of a

_iven stress below the noTmal S-iT curve, "_.nc\the endur-

ance li::it of the group of s_ecimens then determined in

the usua! Lanner. This series of tests will be referred

to _.s "orestross tests."

(b) Tests. in which a specimen was sti_,rted at a stress

somcwh:_,t below the endurance limit and the magnitude of

,_trcss wr_,s increased by a small increnent cach time the

speci::cn ?_rLd been subjected to a definite number of com--

nlcte! _, reversed cycles of ,,tress The increments of

both stress and number Of cyclcs em_loyed in the tests

- _ but in many cases the stress was_:cro vc,ricd some,vnat, . -

increase& by 2000 pounds ,,or squarc inch each time the

specimen h_td bccn subjoctcd to i00 million cycles of

stress. These tests .of individual specimens _:ill be re-

ferred to ms the "step--up" tests.

The reo_t3, bs of the prestress tests of 25S-T alloy
S " . The:_re :_lotte,i in the--L diagram of ,Tigu_re 22 indi--

_ _" the f in_].vid.u_! olotted-points i:_ this figure o_o_:

stress :,_nd number of cycles for failure Of a S]_ecimen

s.fter beind: originally prestressed at stresses of 15,000,

16,500, or 18,500 pounds per square inch. Also shown

are the _:oints obtained for tests of specimens without

_reztressix<:_ theft is. the open cirsie_ s__ow looints on_,t

were ]?reviously ]?lotted in the lower half of figure 14

._ ,_,o . e r• z. _.,_._ 4 _to _e_ ..... e the normal e _ Th b oken_--,._ curve for _-S--T
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curves outline the sc_,_ter band obtained in tests of the

unprestressed metal, an_[ it will be observed that prac-

tically _ll of the prestress test results fall within

this band. Hence, it may be concluded that the pre-

stressing employed (for lO0 million cycles) had no effect

on the fatigue strength of the-252-T alloy.

Figure 23 shows the results of the prestress tests

of XV6S--T in a somewhat' similar manner.. In this case,

however, the results are compared with the normal S-}T

curve for the X76S--T alloy as traced directly from the

curve Shown in the lo,prer portion of fi_:ui-e 16 for the un-

prestressed metal. Since the sc,_tt_r >-_!_d for the un--

trelted XVGS-T was rather n,_rro_,.r_ th_ d':,te, of figure 23

indicate that the fatig_le stzcn_._ c.f %-_-"_ ..... ,--_ was increased

a sua!l amount bylthe prestz__s_ug emoi. c}_e_l_ The endur-

ance limit :it 500 million c/ties of sti'ess _las apparently

increased about 2000 Dound_,_ per squc:re inch by pre-

stressing at 20,000 .?curiEs per square inch and was in--

creased about lO00 pounds per square inch by prestressing

c,t 2i,000 pounds per square inch. These effects.are

rather small, but in _!_ener_tl most of the specimens of

X76S--T that were prestressed ran for a considerably

gre:_ter number of cycles before fractuA'e than _1ould be

indicated by the normal S--IT curve for the unprestressed

m e t al.

The results obtained from the step--up tests of in-

dividual specimens are shown in table IX for beth the

25S--T _nd X76S-T alloys. As may be expected these re-

sults of fatigue tests of individual,specimens sl_owed

considerable scatter in the number of cycles sustained

by _ specimen before fracture.

The d:_ts, in table IX for the step-up tests of un-

notched specimens of 25S-T _,lloy have been plotted in

figure 24 along with the normal S--N curve for the metal

(_,rhich was previously shown in fig. 14). The open

circles at the lower ends of the vertical lines in figure

24 represent the m:_gnitudes of stress at which each speci-

men _._::,_sfirst started, and the increments of increase in

stress (after each lO0 million cycles) are shown by the

bars crossing these vertics_l lines'. The points plotted

with solid sy:mbols indicate the maximum stress before

fracture and the number of cycles at the maximum stress

required to produce fracture. The open symbols plotted

:on the righ,t hand side represent th'e tot_l number of

cycles of stress resisted by the specimen during the en-
tire test.



16 iTACA Technic_i :T,.ote 1,To.9_,_

It will be observed th:__.t the total number of cycles
0 _ _ __o_." stress ,_ustained by each ._oS--. specimen in tl_e step--u]?

tests _.rus much greater than had been Obtained from tests

of the norm_,! :uetal when tested only at a constant stress

having_ :_ .uagnitude equs.l to the maximum stress reached

duri:_g the step-up tests. On the other hanti the ].ife of

ne'_rly evo,-___,step--up s-oecimen_ after the maximum stress

had been reached was somewhat smaller tho.n had been ob-

tained for the normal S-I_ curve. The fact that five of

the s],ecimens failed at 20,000 pounds per sque_re inch

•_._ould indic:_,,te th,_t the large number of cycles of previ-

ous understress had damaged these specimens a slight

ano_u_.t since the metal would normally have run a full 100

million cycles at this stress without fr:_.cture.

Ho_._cver, when the data in table IX for the step'up

tests of the three notched specimens of 25S-T are compared

with the S--L_ curve plotted for the unprestressed metal in

the io_,,er half of figure 13, it is found that these throe

specimens r;)n for about the same number of cycles (at tb.o

maxi:uu:u st_'ess) as t he .unprestressed speciiuens. Hence

the f:.tigue _?roperties of the notched specimens of 25S--T

api_@ared to be unaffected-by the understre_sing procesS.

As _ result of a!l the step,up tests it was eoncluEed

the t in general this type of understressing had no con-

sistent effect in either raising or lowering the number

of cycles which a specimen could withstand at the maximum

stress before failure. By disregarding the previous

stress history and plotting 0nly the number of cycles at

the _ua:<imum stress, tl_:e points usually fall _lithin the

scs.tter band for the unprestressed metal though there is

a tende:_cy for more scatter of results to be obtained by

the stei_--u p method of test.

D!SCUSSi01_ OF RESULTS

......_._ the most i,::ioortant results of t _- tes-'_e t s are

those showing the effects of l,nnge of stress on the en-

durance limits of notched specimens as presented in table

VIII and i_ figt_re Dl. When subjected to a service condi--.

tion such :__.sthat i'm an airpl?_ne propeller, where the

face of the bl_tde is often scru_tched or notched by stones

striking the blade, the fi_otigue strength of the metal in

a notched condition is of primary importance, }[oreover,
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the stresses developed in a propeller blade vary over a
rather wide range depending on the service condition.

In general, the results of the fatigue tests with
notched sDecimens indicated that both alloys could with-
stand a creater alternating stress range without the
formation of fatigue cracks when the mean stress in the
cycic was changed from a tensile to a compressive stress.
in addition, the fatigue cracks developed at the root
of a notch did not spread rapidly when the mean stress
was con]?ressive, and no complete fractures of the speci-
mens _._ere obtained even when stresses somewhat above
those required to produce cracking were repeated I00
million tines. Thus if a notched member made of this
nets:l were designed to oT:_erate with the mean stress at

the notch a compressive stress, an additional factor of

safety against complete fracture would exist; any fatigue

crackir_g at the notch could probably be detected by peri-

odic inspections long before the cracking had developed

to a dangerous extent.

it is interesting to note that the X76S-T alloy was

much stl-onger in static tension and had a higher flexural

fatigue strength, as obtained from unnotched specimens,

th,!u: the _,°_-S--Toaluminum, al!o[<. However, the X76S--T allo_;

exhibited a fairly high notch 'sensitivity as indicated by

the re&motion of fatigue and impact strengths of notched

specimens below those of the polished unnotched specimens.

Ifhen the data loreviousl_7 obt_ined for notched X76S-T allo_,

speci.:%ens we:'e compare& _,,:ith t'he values listed in table

VIII, it w:,,s found that the alternating stress range which

could be resisted without failure _;ras exactly the same for

both alloys if the :_.ean stress in the range was either

zero or a compressive strdss. However, as shown in figure

21, the 25S--T alloy _esisted a greater range of alternat-

ing stress than did the XTOS--T alioy when the mean stress

w::s increased in tension. Consequently, the 25S-T alloy
s_oulc! be able to resist sli -__- Gaily greater vibratory

stresses in a notched propeller blade, where the mean

stress is a tensile stress, than the X78S-T alloy, even

though the latter al!by exhibited greater strength in the

fatigue tests of u n3!.ttq!__e_d specimens,

Another factor of interest was the change in shape

of the S--i[ curves as the range of stress was varied. By

. ,:_m__g the S-I[ curves for the notched specimens in

figure 15 with those in fibres 17 and 19 it will be
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observed that"

(a) For tests with a comprcssive mean stress the
curves are very steep and are fairly straighto

(b) For completely reversed stress the trend of the
curve is somewhat flatter and approaches a horizontal
asymptote after a large number of cycles.

(c) As the mean stress was gradually increased in
t ens "io_, the curves became very flat and tended to reach
a fairly definite horizontal asymptote at a,relatively
small number of cycles in somewhat similar manner to the
typical S-N curves for steels,

Therefore it is felt that the endurance limits listed for
the notched specimens and based on 100 million cycles of
stress would not have been decreased appreciably if the
tests had been continued to 500 million cycles of stress,
even thouch the endurance limits scaled from the S--i_
curves of t_nnotched specimens of 25S-T did show a pro-
nounced drop bet_.Jeen 100 and 500 million cycles of com-
pletely reversed stress. This fact may also have direct
application in helping to determine the useful, life of
aPuminum alloys i_ service. Thus for notched members
subjected to a tensile mean stress and subjected to vi--
brat, cry stresses somewhat below the endurance limit as
dete.rmined from a test run to a relatively small number-
of cycles, say lO0 million," it would appear lil.:ely that
such stresses could be repeated almost indefinitely _,rith-
out failure of the members.

A comparison of the endurance limits of the various
unnotched specimens (see last column, table VII) indicates

there wa_.slittle or no effect of speed of testing within
the i-anise of speeds used in the tests. The differences
in numerical values of-the endurance limits may be ac-
counted for by small differences in the behavior of the
three ty! es of testing machine, and by slight variations
in different bars of the same metal.

The results of the prestressing and the step-up tests
of these two aluminum alloys were not conclusive in indi-
cating that either a strengthening or a vea!:ening effect

was produced by repeated cycles of stress belo_-1 the en-

durance limits listed. The prestress tests of XV6S-T

did indicate that a slight strengthening effect _,as pro-
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duccd; whereas the step-up tests of 25S--T'produced a

slight decre_Lse in lifo of unnotched specimens, and the

ether tests in general fell about in the normal r_nge

for ur_prestressed metal. Hence, the results may be ac-

cepted aS evidence that no co;_sistont or appreciable

change in fatigue strength uas produced in these alloys

by repeated cycles of understress. Hb_ever, the large

n_zmber of cycles of stress developed in understressing

e::.ch si_ecimen during the step--up tests may have had a

tendency to cause any microscopic defects present in a

specimen to open up, and thus result in more scatter of

the final test data.

._he fact that the fatigue strength of the anodized

specimens was as great, or slightly greater, than that

of untreated specimens should make this method of surface

treatment Very useful for aluminum alloy members in use

on maya! aircraft since anodizing is also reported to

ha,re increased the resistance of aluminum alloys to

pitting produced by salt water spray.

A 7?hotoelastic test was made to check the theoreti-

cal stress at the root of the notch in the rectangular

vibratory bending specimen shown in fig_ir@ 4b. This

test w-_.s m_de on a sc,_,!e model of bakelite three times

the size of the prototype. As a result of the photoelas"

tic stress analysis it was found that.the theoretical

stress over a sm,_.ll area ct tb.e root of the notch was ap--

pro::imatoly three tiues the nominal flexural stress-cal--

cu!ated for this section.

_e value of the stress concentration factor for the

notch in the roctangu]._r vibr:_tory bending specimens was

therefore 3.0 from the p.otoe_ lastic ",_naiysis; whereas,

s v:lue of _.40 was obtained from the fatigue tests of

25S--T subjected to completely revel-seal stress. These

numerical v:_lues give an indication of the relative notch
sc:_ sit ivi _ _ ,- _ of the metal to the damaging effects of a
not ch,

CC_,CLuS I01TS

As _ result of the dat_ obtained in this' series of

tests the following conclusions were formulated regarding

the mechanical strength properties of these two aluminum

alloys :
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i. The static elastic and ultimate strengths and
Brinnell hardness of ooS--T alley were somewhat lower than
the corresponding values for X76S--T alloy.

2. The percentage elongation and reducti.on of area,
and the modulus of el_,sticity of 25S-T, were slightly
_:reater than the corresponding values for X76S-T.

_. The tensile yield strength at 0.05 percent offset
of the X76S-T alloy was appro-<imotely 0.9 ef its ultimate
strength and was therefore exceptional_y hi_n.... as compared
with the corresponding value of most ductile materials.
The yield strength of 25S-T alloy was 0.6 of the ultimate.

4. Tension and bending impact tests at low tempera-
tures indicated that the percentage elongation and reduc--
tion of area and the energy absorbed b._i these two metals
were not materially affected by a large drop in the tem-
perature of testing belo,1 room temPerature. The 25S--T
alloy exhibited greater ductili _-t_ and energy absorbing
capac_t_ and a smaller notch sensitiv "_-_ _ l_ in these impact
tests tAan did the X76S--T alloy.

5, In the tension impact tests Of beth metals, a V--
notch _ith 0,01 inch radius at tl_e root caused large de--
creases in elongation in 2 inche_, and in the energy
required for rupture.

5. Tests _o_ polished specimens of o°SS'T subjected to
coupletel_-reversed stress c_Tc]es "on three different types
of testing machine and operating at speeds var_?ing from
1750 to 10,000 rpm, Calve e'ndurance limits ranging from
18,000 to 20,500 pounds per sqitare inch at 100 million
cycles of stress. Hence there was no _p_oreciab'le change
in the endurance limit under these conditions as the
speed of testing _as varied from 1750 to I0,000 rpm.

7 _ in• _ne troduction of a V-notch _n the test section
decreased the fatigue strength of the 25S-T alley for
completely reversed cycles of stress to between 42 and
61 percent of the strength of unnotched specimens, de--
pending somewhat on the shape of the member tested.

8. Considering a range of stress to be composed of a
steady stress and a superimposed alternating stress, it
was found that as the mean or steady stress at the notch
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was decreased from a tensile (+) stress_to "a compressive

(--) stress the total range of alternating stress that

could be resisted by the notched specimens of 25S-T with-

out causing failuregr_dually increased from a range of

12,000 pounds per square inch for a tensiie mean stress

of 16,000 to a rar_ge of 17,000 pounds per square inch for

a c q_sressive mean st_zess of 8500 pounds per square inch.

9. Tests of notched specimens in which the range of

stress was varied indicate& that .for. a given number ef

cycles the 25S--T alloy could resist a greater range of al-

ternating stress than the X76S-T alloy w1_en the mean

stres_ in the _ cy.cle wc.s a .tensile stress. When the mean

stress was a compressive stress there was practically no

difference between the endurance limits of notched speci_

mens of these! two alloys.

i0. Step--t_p-and Prestr:ess tests ]of both 25S--T and

XTGS-T alloys: indicated th!at the large number of cycles

of understressing developed in the previous stress history

of these a!lolys had no appreciable or consistent effect

in eith.er rai[sing or lowering their endurance limits.

I;i. Anodizing the surface of specimens of these two

alloys _roduced no change in fatigue strength 0f the
2SS-T alloy, but produced a slight increase in the fa-

tigue strength of the X76S-T alloy.

v,ngineering _xperiment Station, "

University of lllinois,

Urbana, i!!., June 8, ig4J.
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TABLE II!.- STATIC TORSI01_ TESTS OF 256-T ALLOY

[Gage length 2 in. on 0.56 in. &i_m. specimen shown in fig. ic]

Specimen S-6

Yield strength, (lb/sq in.)

0.05 percent offset 22,,i00

0.20 percent offset 25,800

Mo&ulus of rupture

(lb/ q in.)  2,800

Nodulus of elasticity

(I000 ib/sq in.) 4,090

Ratio: i

Yie!& Atreng_th__(_._05%_ offs_et_/ 0.423

Modulus of rupture !

S--10A

22,400

26,000

52,300

4,190

0.428

S-i0B

52,800

4,020

Average

22,600

26,000

52,600

Values

_r alloy
1766--T

39 ,500

63,600

4,100 I. 4,060

@.430 0.621
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TAB,,_T_ V!.- CHA.RPY.B1]}TDI_TG, IMPACT TESTS 25S--T ALLOY

[Using V-notch specimen shown, in fi,gure 2.c]

Specimen

12A

IIA

!23

IIH

lid

!2C

IIC

Test temp.
(or)

70

70

70

7O

3O

3O

UO

].2D

lid

!!E

121]

!iF

I!G

i2F

Energy absorbed,

(ft-!b)

63.3

, 22.1

38.2
e,

28.3

Average = 38°0

29.0

51.6

38.2

Average = 39.6

Comparat lye

values for XV6S-T

alloy (ft--lb)

-40

--40

"4O

--40

53.4

35.8

24.1

_o°5

-70

--70

--70

A'verage = 36.7

18.8

20.7

27.6

Average = 22.4

9.1

9.1

o

12.3

8.8
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Machine

25S-T

_otat ins cantilever

beam (see fig. 3a)

Rotating cantilever

beam (se_ fig, 3b)

Vibratory ben&ins

(see fig, 4.c_)

ALLOY WITH • COi_{PLETELY I_EVERSED STRESS

v_. E_DURA_@OE__i_iiTS_OF:UNNO@CHEDSPECIfiErSOF

CYCLE

Shape of

specimen

at test

section'

"F-"

f Depth of
specimen

at test

section

(i_.)

round

.Endur an ce

for

107 cycles

round

Lim it s:

for

10Scycles

b/too in,)

for

5xlO s

cycles

rectangular

0.26

.14

.25

24,000

27 ,000

22,000

19 ,000

20,500

18 ,000

16,500

17 ,500

• o



,. . ..

• _ k •

NACA Technical _lote 17o. 914 £9

TABLE VIII.- EFFECT OF RAI_GE OF STRESS ON ENDURAITCE LIMITS OF

_0TCHED SPECi_Ei_S OF 25S--T ALLOY AT i00 MILLi0_T CYCLES OF STRESS*

_!_e of stress
var iat ion

Zcro to r.i&:.'.i.-r.q_l.L: iI%

comber es s i on

+4,000 (Ib//sq in,) to

maximum in corn-

or e s s ion

Completely reversed.

Z ere to m_t=inun in

tension

+5,000 (Ib/s_ in.) to
maxim'_m in tension

+10,000 (lb/s_: in.) to

maximum in tension

I _p •

I stress
in cycle,

(- b/sq in.)
Smax

+4,000

+7,500

+13,500

+18 ,000

+22,000

Minimum

stress

in cycle,

( l"o/sq
Smin

--17,000

0

+5,000

+i0,000

Xean stress

in cycles

(lb/s,_ i,',.)

-8,500

-4,000

0

+6,750

+11,500

+!6,000

Total al--

t ernat ing

stress

r,gn&]e

(Ib/sq in.)

Smax --Stain

17,000

16,000

15,000

13,500

13,000

12,000

*Plus stresses are tension; minus stresses are compression.
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• '__..:B''_T-_ "'IX ' " __._S UL_. o"__" "; _'d' 02 S ___P-u_-_" ""_" T2 S T o

............ r .... __---'-----T ' ' l ..... " "
j Stress at ! Increment E Cycles _ Maximum

).. (Ib/s.q in..) . .s.tre oh .

Speci-- i s of.stress i at ca stressta,'t

.', . failur o

Cycles to Total

fracture of

_t r s,x i-- .sZ,._c ]. c s

_n _,.,. r "G 11

( !b l'sq_in.) stress (:_:il-

dl " . 1 ' (milli°ns)_" ' tlons .._

: L..._, ......... _3..... __...............................................

TC3

12B

T 4 B

TSB

T4D

TSC

_o_--% alloy, unnotchcd 0.14 in. diam. specimens

 o;0oo
IG,00C

15,000

!6,C00

_5,C00

16,DOf

!7,C, C0

SO00
SO00

SO00

2OOO

SO00

!000

!000

I00

!00

!00

I00

i00

i GIG'

I00

2_,000

20,000

23,000

20,000

20,000

2O ,000

,000

7s,8
9,_.o
18.5

92.0

41.9

8.9

48.8

584

605

,LSO"

"2,T._o

Z75

G 3';_

S _2,0

alloy, notched 0.30 in. diam. s-pc ci:,_ens

RLT9

Ri7! I

RKiO

1
1 " 4,000

:; C'£ C

i

2000

10C0

!00

I00

i00

!

12,000!!, 0,00
I

!l ,OOO
J .....................

1.4

o!.6

0.9

;,]'72S--T alloy, unnotchcd 0.14 in. diam. s oecimens

_7B I_,'_ <._JO IO_ _, J_O _0.7

_7_% ! 20,000 1000 100 26,000 24.7

R6._. I 2q_ ,0C3 t_ 1000 100 li 25, r f,0....... 64 3
]

,. 09

¥S.U

L ...........

:553
6,,1 S:2%

'-'0 ;9

XVGS--T alloy, notched 0.30 in. diam. spccimons

i ..................

R381.'2. I 8,C'00 !000 i00 r 11,000 82.8 c?,.?r__

RS 8 _.',u _: , _ . _o ._oO 1000 50 I 0,000 6 0 ] 1.3

R681_8 z,O00 I000 I0 I ii C00 3 4 _0!
.......................................................................................... __J_ .................. _ ....................................
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Figure 5.- Xrouse rotating beam fatigue testing maohine.

Figure 6.-- Small high speed fatigue testing maonlne.

Figure 7.--Krouse flat plate fatigue testing maohlne.
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FIG. 9 STATIC TENSILE TEST-2:5 ST ALLOY

SPECIMEN NO. 25--TI

2 IN. GAGE LENGTH ,5035 IN, DIAM.

60
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(_
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n 40
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__ 35
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f
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UNIT STRAIN
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IN PERCENT
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FIG. 12

RESULTS OF TENSION AND BENDING IMPACT TESTS

LIgend"
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ELONGATION % IN 2 IN. Js.o
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(a) After 18 million cycles of stress_ range from +4000 to
-16000 Ib/sq in.

(b) After 36 million cycles of stress_ range from +4000 to
-14000 Ib/sq in.

(o) After 64 million oycles of stress_ range from 0 to
-17500 Ib/sq in.

Figure 18.- 0racks formed at root of notch in speoimens of
258-T alloy tested in compressive stress cycles.
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